what is known already: Several studies have shown that women who conceive without treatment after .12 months of trying have an elevated risk of poor pregnancy outcomes. To date, no systematic review or meta-analysis of this evidence has been published. study design, size, duration: This systematic review identified literature from Embase, Medline and Popline published between January 1974 and October 2011, on the association between infertility in a non-treated population and the risk of preterm birth, low birthweight (LBW), small-for-gestational age and birthweight deficits.
Introduction
Infertility, generally defined as failure to conceive a clinically detectable pregnancy after .12 months of unprotected intercourse, is a common condition, reported by 1 in 6 couples (Hull et al., 1985; Boivin et al., 2007) . While it is well known that babies born after assisted reproductive technology (ART) are at increased risk of poor obstetric and perinatal outcomes (Helmerhorst et al., 2004; Allen et al., 2006; Reddy et al., 2007; McDonald et al., 2009 ), a substantial body of literature suggests that infertility itself, regardless of treatment, is also associated with an elevated risk of adverse pregnancy outcome (Joffe and Li, 1994; Henriksen et al., 1997; Thomson et al., 2005; Romundstad et al., 2008) . In particular, several studies show that, compared with infants conceived within 12 months of trying, those conceived after a waiting time of .12 months have a higher risk of preterm birth, low birthweight (LBW) and small-for-gestational age (SGA) (Henriksen et al., 1997; Thomson et al., 2005; Zhu et al., 2007; Jaques et al., 2010; Wisborg et al., 2010) . As infertility is a heterogeneous condition, caused by various underlying pathologies, it is possible that some of the mechanisms leading to infertility also play a role in the etiology of these outcomes (Saunders et al., 1988; Tan et al., 1992; Goldenberg et al., 2000; Kramer et al., 2001a,b; Goldenberg et al., 2008) . The elevated risk observed in couples conceiving naturally after a long time to pregnancy (TTP) may thus reflect a high risk in a small group or an overall elevated risk common to most infertile couples . Attempting to understand the contribution of infertility on adverse pregnancy outcomes, separate from that of treatment, is recognized as a priority by several experts (Allen et al., 2006; Reddy et al., 2007) . In this context, it is important to obtain a more precise estimate of the actual risk associated with a long TTP. Most of the studies examining the association between TTP and reproductive outcome in the general population are relatively recent and, to date, a systematic review of this literature has not been carried out. We performed a systematic review and meta-analysis of the published literature on infertility (measured by TTP) and preterm birth, LBW and SGA, as well as birthweight deficits.
Materials and Methods

Search strategy
We employed a three-stage search strategy and consulted with an experienced medical librarian throughout the process. First, we conducted a limited search of Medline and Embase to identify and generate all key words and subject headings (MeSH/Embase terms) for concept 1 (infertility) and concept 2 (adverse pregnancy outcomes). In the second stage, carried out after identifying all appropriate search terms (see Appendix 1), we conducted comprehensive searches of Embase, Medline and Popline from 1 January 1974 to 14 October, 2011 using the OVID interface. Stage three involved systematically hand-searching the reference lists of key articles and reports.
Study selection criteria
Type of study and participants
We considered any case-control or cohort study of pregnant women that examined the association between infertility and the outcomes of interest (preterm birth, LBW, SGA and birthweight deficits) in either a clinical or population setting, provided that a non-treated infertile group was included as a reference.
Exposure
All types of infertility, subfertility or delayed conception were included. Studies that compared births from infertile couples conceiving through ART with births from the general obstetric population were excluded, as such comparisons would not allow to separate the effect of infertility from that of treatment.
Outcomes
Our primary outcome was preterm birth, defined as a birth occurring before 37 completed weeks of gestation. The secondary outcomes were indicators of infant growth: LBW (defined as ,2500 g at birth), SGA [defined as the lowest 10% of birthweight by gestational age, except in one study (Zhu et al., 2007) , where the cut-off was set at 5%], and continuous birthweight (in g).
We restricted our search to studies in humans and to publications in the English language. We excluded reviews, editorials, case reports, letters to the editor, unpublished data and duplicate publications.
Study process
Two independent reviewers (C.M. and L.M.) screened and reviewed the titles and abstracts of all identified citations. We retrieved full-text articles if either reviewer considered the publication relevant based on the initial abstract review. Full-text articles were carefully assessed independently by each reviewer and inclusion into the final set was based on the a priori selection criteria. Consensus was sought on the final set of articles to be included and disagreements were resolved through discussions with the senior author (O.B.). Using the data extraction form, the two reviewers independently abstracted relevant data from the full-text articles included in the analysis. Information on study population and exposure groups, characteristics of participants, confounding and the methods used to control for confounding, were obtained from each article. We reconstructed 2 × 2 tables by abstracting raw data presented in the primary studies for each relevant study outcome. Crude and adjusted measures of effect and 95% confidence intervals were also obtained from the tables of results.
Study quality
Study quality was assessed using the Newcastle-Ottawa Scale (NOS), a qualitative instrument designed to evaluate observational studies in three domains: selection of participants, comparability of study groups and ascertainment of outcome or exposure depending on study design (Wells et al., 2000) . The instrument comprises eight scored items and the total scores can range from 0 to 9 points. While some controversy exists regarding the use of the NOS to evaluate observational studies for systematic reviews, with critics suggesting that its validity has not been sufficiently tested (Stang, 2010) , we nevertheless chose to provide a qualitative assessment of the primary studies as a means of describing and comparing the sourced articles.
We further evaluated the quality through a checklist of assessment of bias and confounding that we specifically developed for the purpose of this review. Answers to the following yes/no questions were used to appraise each study: (i) was there a direct measure of TTP (as opposed to it being inferred from having sought help for infertility) and was the TTP cut-off set at 12 months? (ii) did the study adjust for age and/or parity through matching or modeling? (iii) was the infertile group unexposed to pharmacological infertility treatment? and (iv) did the study restrict to singletons only? These four questions were used as a further criterion to describe and evaluate the quality of the included studies. Studies with three or more 'yes' responses were considered to be at low risk for major bias and confounding issues pertinent to this area of research and judged to be of higher quality.
Statistical analysis
All statistical analyses were performed using STATA version 11 (StataCorp, 2009 ). We calculated crude odds ratios (ORs) for the dichotomous study outcomes (preterm birth, LBW and SGA), using the data from the reconstructed 2 × 2 tables. As we wanted to compare the overall pooled crude data with the data from studies that controlled for at least age and/or parity through restriction or matching, we stratified our analysis by combining data according to whether the main confounders were adjusted for at the design stage, and termed these results 'pooled matched or stratified analyses'. We furthermore used the regression-adjusted effect estimates as reported in the results of the original studies and calculated the log ORs and the relative standard errors in order to weight and pool these data, and termed the results 'pooled regression-adjusted analyses'. The crude, matched and regression-adjusted data were pooled separately to allow for comparison of different groups of studies, according to whether confounding had been accounted for.
We examined birthweight as a continuous variable using the sample size, mean and standard deviation of birthweight for studies that reported such data. We then multiplied the standardized mean difference (SMD) produced in the pooled analysis by an estimate of the standard deviation of birthweight [440 g-the mean standard deviation of birthweight of males and females at 40 weeks as reported in the Canadian birthweight standard (Kramer et al., 2001a,b) ] in order to obtain an interpretable result of the overall mean difference in birthweight for pooled studies.
We performed two separate sensitivity analyses on the primary outcome. First, we restricted our pooling to include only those studies with a score of 8 or 9 on the NOS. We furthermore restricted the analysis to studies for which the answer to at least three out of the four questions concerning bias and confounding was 'yes', in order to examine whether we would obtain a different pooled estimate when using a more stringent criterion to select studies.
We assessed the possibility that our results were influenced by publication bias and conducted an Egger test by regressing the log OR of preterm birth against its standard error of the log OR (Egger and Davey Smith, 1997) . We graphically depicted small-study reporting bias through the use of a contour-enhanced funnel.
All analyses pooled measures through a random effects model, using the DerSimonian-Laird method (Egger and Davey Smith, 1997) . We made this choice because a random effects model incorporates both random error and between-study variability: given the anticipated heterogeneity in the data, these models produce more conservative estimates with wider confidence intervals (Egger and Davey Smith, 1997) . We assessed the heterogeneity due to the potentially large variability in results across studies using the I-squared (I 2 ) statistic in Stata's metan command. The I 2 value is the percentage of total variability of study estimates that are due to heterogeneity (Higgins and Thompson, 2002) . I 2 values of 25, 50 and 75% correspond to low, moderate and high heterogeneity (Higgins and Thompson, 2002) . We attempted to address some of the heterogeneity in the overall group of studies by pooling subgroups of studies (crude, matched, regression-adjusted analyses) that were potentially more similar.
Results
Search results
We identified 6192 citations through Medline, Embase and Popline database searches. An additional five records (Cooney et al., 2006; Juang et al., 2007; Romundstad et al., 2008; Pritts et al., 2009; Wisborg et al., 2010) were retrieved by hand searching the reference list of key articles, resulting in a total of 6197 screened articles at the abstract and title level. Of these, 179 were identified by either reviewer as being eligible for full-text review. After excluding duplicates and records that clearly failed to meet the study selection criteria (n ¼ 90), a total of 89 full-text articles were assessed for eligibility. Figure 1 shows the flow diagram of the literature search process and results.
After careful review of all 89 full-text articles, a total of 17 met all inclusion criteria (Tuck et al., 1988; Varma et al., 1988; Hill et al., 1990; Bhalla et al., 1992; Joffe and Li, 1994; Henriksen et al., 1997; McElrath and Wise, 1997; Wang et al., 2002; Thomson et al., 2005; Cooney et al., 2006; Zhu et al., 2007; Romundstad et al., 2008; Jaques et al., 2010; Raatikainen et al., 2010a,b; Ranta et al., 2010; Wisborg et al., 2010) with one study (Romundstad et al., 2008) included only in the qualitative synthesis and not in the meta-analysis. We excluded the Romundstad article from the quantitative synthesis as infertility in the index pregnancy was inferred based on previous history of conceiving a sibling with ART rather than on clinical data of current/index pregnancy. Characteristics of the included studies are summarized in Table I .
Outcomes
The pooled analysis of the primary outcome led to a total sample size of 1 269 758 births: 19 983 in the exposed/infertile group and 1 249 775 in the unexposed/fertile group. There was a total of 68 885 preterm births in the overall sample: 1644 (8.2%) and 67 241 (5.4%) among the infertile and reference groups, respectively. Pooling of the 14 studies with crude preterm birth data yielded a common OR of 1.38 (95% CI: 1.25, 1.54), with moderate heterogeneity (I 2 ¼ 53.2%) (Fig. 2) . The OR did not change when we performed subgroup analyses and pooled only studies that matched or stratified on age and/or parity, 1.39 (95%CI: 1.20, 1.62), however heterogeneity decreased to I 2 ¼ 33% (Supplementary data, Fig. S1 ). Pooling studies that adjusted for relevant confounders using regression models resulted in a modestly attenuated result, 1.31 (95% CI: 1.21, 1.42) with an I 2 of 3.9% (Fig. 3) . Overall, the results did not materially change by type of pooling, with the regression-adjusted results producing estimates slightly closer to the null compared with the pooled crude and pooled matched analysis. Table II compares the three-study outcomes by type of pooling. Pooled crude SGA data (n ¼ 9 studies) suggests an increased odds of SGA among infertile women who conceive without treatment after a period of infertility compared with women who conceive within 12 months: 1.24 (95% CI: 1.12, 1.36) (Fig. 4) . Pooled matched and pooled regression-adjusted results reduced the association slightly to 1.16 (95% CI: 0.97, 1.37) and 1.17 (95% CI: 1.03, 1.33), respectively (Table II) . However, only a small number of studies were included in these subgroups (two and four studies in the matched and adjusted analyses, respectively).
A total of eight studies were pooled with LBW data, resulting in an estimated increased risk of the same magnitude as that seen for preterm birth. The crude analysis revealed an association between infertility and the risk of LBW when comparing untreated pregnancies with a history of infertility with pregnancies in the reference population: 1.30 (95% CI: 1.16, 1.45) (data not shown). The association was strengthened when pooling matched and regression-adjusted data: 1.50 (95% CI: 1.27, 1.78) and 1.34 (95%CI: 1.21, 1.48), respectively (Table II, Fig. 5 ).
A total of four studies reported sufficient continuous birthweight data to be included in the meta-analysis (Hill et al., 1990 
Sensitivity analysis
When we restricted our results based on the NOS, seven studies with the highest scores were pooled (Tuck et al., 1988; Wang et al., 2002; Thomson et al., 2005; Cooney et al., 2006; Jaques et al., 2010; Wisborg et al., 2010) . The association between infertility and preterm birth among this restricted group of studies was No direct measure of TTP was used. The subfertility group defined as being 'concerned' about infertility; consulted physician and/or having been tested for infertility but did not follow-up with treatment.
e Study not included in the meta-analysis as infertility in index pregnancy would be assumed based on previous history of conceiving sibling with ART.
f Infertility is assumed based on previous history of ART or clinic visit. g SGA in the Zhu et al. paper was defined as lowest 5% of birthweight distribution by gestational age and sex.
1.36 (95% CI: 1.23 -1.50) (Fig. 6) , almost unchanged from the pooled crude OR of 1.38 (95% CI: 1.25, 1.54). We furthermore excluded studies that were potentially more prone to bias or confounding according to our quality assessment (Varma et al., 1988; Hill et al., 1990; Bhalla et al., 1992; Joffe and Li, 1994; Wang et al., 2002; Romundstad et al., 2008) and pooled the nine higher quality studies (those with three or more 'yes' responses out of the four questions described above and shown in Supplementary data, Table I ) (Tuck et Henriksen et al., 1997; Thomson et al., 2005; Cooney et al., 2006; Jaques et al., 2010; Raatikainen et al., 2010a,b; Ranta et al., 2010; Wisborg et al., 2010) . This restriction resulted in a negligible increase in the estimated association between infertility and the risk of preterm birth compared with overall pooled crude results: 1.40 (95% CI: 1.27, 1.55) (Supplementary data, Fig. S2 ) versus 1.38 (95% CI: 1.25, 1.54), respectively. When we further restricted the analysis to studies with 'yes' response to all four questions (Henriksen et al., 1997; Raatikainen et al., 2010a,b; Wisborg et al., 2010) , the results were materially unchanged from the less restrictive sensitivity analysis [1.43 (95% CI: 1.24, 1.66) (not shown)].
Publication bias
The Egger's test for small-study effect failed to reject the null hypothesis of no small-study effects with a bias coefficient of 0.29 (95% CI: 21.43, 2.02), P ¼ 0.72. The contour-enhanced funnel plot showing points for all 14 preterm birth studies (Fig. 7) provides a graphical display of an inverted funnel with little indication that small positive studies influenced the association.
Heterogeneity
Statistical heterogeneity among all pooled analyses ranged from low (I 2 ¼ 0%) in the pooled matched analyses of LBW and SGA (likely owing to the small number of included studies) to moderate (I 2 ¼ 54.5%) in the pooled regression-adjusted SGA analysis. The low-to-moderate heterogeneity results presented in Table II suggest that between-study variability was reasonable. This consistency in the overall group of included studies permits pooling with greater confidence, as the ORs presented in the pooled analysis are therefore likely not an average of extremes, but rather a more precise estimate of the overall effect of infertility on the adverse pregnancy outcomes examined in this review (Higgins et al., 2003) .
Study quality
The quality scores using the NOS ranged from 4 to 9, and the mean overall score for all 17 studies was 7.0 (SD ¼ 1.9). The main areas of quality concern were in the ascertainment of infertility/TTP and comparability of studies based on controlling for main covariates (see Supplementary data, Table SI ).
Discussion Saunders et al. (1988) first reported that infertility itself could contribute to problems during pregnancy. Using Australian in vitro fertilization registry data, the authors found that couples who conceived spontaneously while on a waiting list for evaluation and treatment of infertility had a higher risk of preterm birth compared with the general population. Moreover, among singleton births, the estimated increased risk was comparable to births conceived through IVF, suggesting an elevated baseline risk among infertile couples, irrespective of treatment. Subsequently, numerous studies have examined this association by studying the untreated infertile population and comparing outcomes following various lengths of TTP (Bhalla et al., 1992 Infertility and risk of preterm birth 1994; Thomson et al., 2005; Cooney et al., 2006; Romundstad et al., 2008; Jaques et al., 2010; Raatikainen et al., 2010a,b) . We aimed to systematically identify the published literature in this field and produce a pooled estimate of the risk of selected adverse pregnancy outcomes associated with infertility itself. Thus, we selected studies that compared pregnancies conceived without treatment after a long TTP with pregnancies conceived within 12 months of trying. In total, we identified 17 studies that met our criteria. According to our results, a moderate increase in the risk of preterm birth persisted irrespective of the type of pooling. The common OR of the pooled crude preterm birth data compared with the pooled regressionadjusted analysis was only modestly attenuated: from 1.38 (95% CI: 1.25, 1.54) to 1.31 (95% CI: 1.21, 1.42), with the pooled adjusted I 2 decreasing from 53.2% in the crude results to 3.9% in the adjusted results. Furthermore, we observed an association of a similar magnitude between infertility and LBW, likely due in part to overlapping of outcomes, as the estimates were not adjusted for gestational age. Similar to preterm birth, the estimates for LBW showed little variation between the crude pooled analyses and the pooled adjusted analyses.
The association between infertility and SGA appears to be more modest than the one observed for preterm birth. The study by Jaques et al. (2010) was the only one among those included in the pooled adjusted analysis that showed a null association with SGA, while contributing almost 24% of the weight. It is possible that a selected group of infertile women were included among the exposed, as the requirement for inclusion in their analysis was that women had to have been registered in a fertility clinic and then give birth within 4 years without the use of ART or artificial insemination. This study also linked various databases in order to identify a group of women who were infertile, untreated and had given birth. However, no information on the length or severity of infertility was provided.
To our knowledge, this is the first systematic review reporting on the association between infertility and adverse pregnancy outcome. Numerous systematic reviews have been published suggesting an increased risk of a range of poor obstetric and neonatal outcomes among infertile women undergoing different types of medically assisted reproductive treatment (Helmerhorst et al., 2004; Reddy et al., 2007; McDonald et al., 2009) . However, these studies could not differentiate between the risk associated with ART and that associated with infertility (or, more likely, its causes). Our results corroborate the hypothesis that the association between ART and adverse pregnancy outcome reported in several studies is in part due to the underlying infertility. Thus, the true causal effect of ART procedures on adverse outcome cannot be estimated until we achieve a better understanding of the contribution of infertility. Given that infertility is a heterogeneous condition, some of the mechanisms that lead to infertility may also be involved in the etiology of preterm birth. It is possible that an exposure that causes couples to experience difficulties conceiving also compromises the pregnancy. Baird et al (1999) , for example, have hypothesized that prenatal exposure to stress, pelvic infections and environmental contaminants may contribute to both infertility and preterm birth.
Our estimates must be considered in light of certain limitations inherent to some of the included studies. In several of these (Supplementary data, Table SI), women were selected based on a history of infertility, or on having been registered at an infertility clinic, which likely resulted in substantial heterogeneity as to the length and severity of infertility. In such studies, a direct measure of TTP was absent. Furthermore, the study by Cooney et al. (2006) , included in the pooled preterm birth and LBW analyses, used a TTP cut-off of 6 months, which may partly explain the study's negative findings.
Infertility is not a dichotomous state, but rather a continuum ranging from complete sterility (which, by definition, would not be included in our study) to subtly reduced fertility (Habbema et al., 2004) . While infertility is defined as a TTP of .12 months among couples who engage in regular unprotected intercourse (Evers, 2002) , it is possible that some study participants included in the infertile group would not meet this general clinical definition (as explicitly mentioned in the study Figure 6 Sensitivity analysis of preterm birth using NOS including only higher quality studies (NOS score ≥8). Infertility and risk of preterm birth by Cooney et al.) . If the misclassification was non-differential, the estimated association with adverse outcomes would likely be attenuated, resulting in bias towards the null. Furthermore, there was heterogeneity in the methods by which exposure and outcome data were ascertained, with medical charts and clinical data likely producing the most valid estimates, followed by self-reported data through prenatal questionnaires, and data linkage of large administrative databases. In addition, not every study adjusted for age and parity, which would be considered a minimum requirement in estimating the effect of infertility on pregnancy outcomes.
Conclusion
Despite the above limitations, our findings produced consistent estimates with three different types of pooling. Furthermore, when excluding studies with potential limitations, the magnitude of the pooled OR was unaffected. Infertile couples who conceive spontaneously without treatment are at higher risk of preterm birth and LBW and also have a modestly elevated risk of having an SGA baby. Infertility, however, is only a symptom of underlying pathology, and a TTP of .1 year is an arbitrary definition. Future research is needed to assess whether specific groups of infertile couples have a substantially increased risk of adverse outcome, or whether characteristics common to most infertile couples confer a modestly elevated risk across the board.
Supplementary data
Supplementary data are available at http://humrep.oxfordjournals.org/.
